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SEASONAL CHANGES IN FATTY ACID COMPOSITION OF
THE WOOD THRUSH'

COURTNEY J. CONWAY2 AND WILLIAM R. EDDLEMAN

Department of Natural Resources Science, 210B Woodward Hall, University of Rhode Is

Kingston, RI 02881-0804
KENNETH L. SIMPSON

Department of Food Science and Nutrition, 530 Liberty Lane, University of Rhode Island,
West Kingston, RI 02892

Key words: Body fat; fatty acid composition; Hy-tion of important food sources high in essential fatty
locichla mustelina; Lindera benzoin; lipid; migration;acids is an important component for improving our
solvent extraction; spicebush; Wood Thrush.
understanding of the ecology and evolution of migration in birds. Consequently, we examined lipid comLipid storage is important for avian reproduction position of breeding and autumn-migrating Wood
(Drobney 1980, Krapu 1981, Walsberg 1983), migra-Thrush. We also examined lipid composition of spicetion (Blem 1980, Biebach et al. 1986), and survivalbush (Lindera benzoin) fruits and seeds because they
(Lima 1986, Blem 1990; but see Krementz et al. 1989). are commonly eaten by Wood Thrush preparing for
In addition to total lipid content, lipid composition isautumn migration.
important because the melting points of fatty acidsMATERIALS AND METHODS

differ, thereby influencing ease of mobilization, use at
low temperatures, and net energy produced (Blem 1990). We collected 21 Wood Thrush in Washington Count

Indeed, lipid composition is essential to an accurate Rhode Island from 16 June to 14 September 1992

evaluation ofavian bioenergetics (Johnston 1970). Lipid Birds were captured in mist-nets, then sacrificed usin
composition is particularly important for long-distance thoracic compression (AOU 1988). We examined sku
migratory birds because small migrants increase reli- pneumatization and plumage to determine age cla
ance on fatty acids during migration (Marsh 1981) and (Pyle et al. 1987) and carcasses were immediately fr
zen.
individuals that store fats that have higher energy and
are more easily mobilized will be able to travel farther Partially thawed carcasses were plucked and the
between stopovers during their long migration (John- tents of the crop, esophagus, gizzard, and intesti

ston 1970, Yom-Tov and Tietz 1978).

were removed. Gonads were examined to determine

59812.

samples in duplicate and reflux time was 12-16 hr.

Food sources high in unsaturated, high-energy fats sex of birds and carcasses were weighed to the nearest
may be important to birds preparing for autumn mi-0.1 g and freeze-dried for 24 hr to constant mass. Dried
gration. After the onset of migration, individuals with samples were homogenized using a Waring blender.
We collected > 50 ripe berries from 14 different
larger lipid stores and storing lipids high in easily mobilized fats should be better able to survive unpre- spicebush plants to quantify lipid content and comdictable weather and food availability encountered position of berries. Spicebush berries are a common
during migration. Clearly, we need to examine the types food item of Wood Thrush during the autumn (Martin
of lipids important for migrating birds and identify theet al. 1951) and are commonly eaten by Wood Thrush
food items which supply migratory birds with essential during autumn months in Rhode Island (C. Conway,
pers. observ.). Spicebush seeds and fruits were sepafatty acids.
rated and frozen separately. Samples were weighed to
Lipid composition and the factors affecting it have
the nearest 0.1 g, freeze-dried for 24 hr, and homogbeen evaluated infrequently in birds. Examination of
enized using a Waring blender.
seasonal changes in lipid composition and identificaWe quantified the fatty-acid composition in Wood
Thrushes by extracting fatty acids using a Soxhlet extraction apparatus with chloroform as a solvent, fol' Received 6 April 1994. Accepted 12 April 1994.
lowed by methylation (Kates 1986). We also quantified
2 Present address: Montana Cooperative Wildlife
fatty-acid composition of the seeds and fruits of spiceResearch Unit, University of Montana, Missoula, MT
bush berries. Lipids were extracted from 2.0 g aliquot

[791]
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TABLE 1. Fatty acid methyl ester composition (%) of breeding (n = 7) and autumn migr
Thrush from Washington County, Rhode Island, June-September 1992.
Breeding season" Autumn migrationb

Fatty

acid

methyl

ester

x

SD

x

SD

Fc

P

16:0d 24.0 0.9 15.2 2.0 57.4 0.0001
16:1 4.7 1.1 2.4 1.4 6.1 0.0281
18:0 13.8 2.3 7.6 2.4 12.5 0.0036
18:1 34.4 5.0 61.6 8.2 38.1 0.0001
18:2 12.0 1.7 7.6 0.8 44.9 0.0001
18:3 3.9 0.9 1.3 0.8 10.5 0.0065
20:1 0.3 0.7 0.0 0.0 0.2 0.6423
20:4 3.9 1.6 2.0 1.1 5.4 0.0368
22:5 2.1 1.5 1.8 1.4 0.3 0.5978
22:6 0.9 1.0 0.6 0.8 0.0 0.9660
Ratio of unsaturated: saturated fats 1.65 0.16 3.53 0.91 12.6 0.0035
Birds collected between 16 June and 6 August 1992.
b Birds collected 1-16 September 1992.
Main-effects analysis of variance (SAS Institute 1985).

d Number of carbon atoms: number of double bonds.

centages of carbon 18:1 were higher (P < 0.05) and
Percentage of each fatty acid was determined using the
carbon 16:0, 18:0, 18:2, and 18:3 were lower (P < 0.05)
protocol of the National Marine Fisheries Service (National Oceanic and Atmospheric Administration 1988).
in autumn-migrating birds compared to breeding season birds (Table 1). The ratio of unsaturated: saturated
Percentage lipid content of spicebush was calculated
as extracted lipid mass/total wet mass for both seedfats was higher (P = 0.0035) in autumn-migrating birds
compared to breeding birds (Table 1). We failed to find
and fruit samples.
differences (P > 0.05) in percentages of all fatty acids
We tested all variables for normality by examining
and the ratio of unsaturated: saturated fats between
Shapiro-Wilk's W-statistics and normal probability

sexes or age classes. Percentage of carbon 18:1 was high
plots (SAS Institute 1985). Distributions of most variin spicebush fruits and 10:0 and 12:0 were high in seeds
ables were normal, or nearly so, and unimodal.
(Table 2).
We used three-factor main-effects analysis of variance (SAS Institute 1985) to compare fatty acid comDISCUSSION
position between seasons, sexes, and age classes. Seven

birds collected between 16 June and 6 August were
Few studies have identified fatty acid composition
considered breeding birds and 14 individuals collectedwild birds (Blem 1990, but see Blem 1976). Carbo

1-14 September were considered to be autumn mi-18:1 was high in our birds; higher than percentag

grants preparing for migration.

previously reported for any avian species (Blem 197

Zar 1977, West and Peyton 1980). Carbon chains

RESULTS

16 and 18 carbon atoms are the most common fatt
Carbon 18:1 was the most abundant fatty acid
in used
all in lipid stores in birds (Blem 1990).
acids
Wood Thrush sampled and made up 23-73% of
the
The
percentage of carbon 18:1 was higher and fou
lipid extracted from each individual (Table other
1). Perfatty acids was lower in autumn-migrating bird

compared to breeding birds. Fatty acid compositio
TABLE 2. Fatty acid methyl ester composition
(%)
can differ
seasonally and under different environment
of duplicate spicebush seed and fruit samples
from
conditions
(West and Meng 1968, Barnett 1970, Blem
Washington County, Rhode Island, June-September
1973, Yom-Tov and Tietz 1978, Heitmeyer 1985), an
1992.
birds commonly increase carbon 18:1 over wint
(Bower and Helms 1968, Barnett 1970, Blem 1990

Fatty acid Seeds Fruits

methyl ester R SD X SD

10:0a 45.47 1.35 0.00
12:0 47.46 0.40 0.89
14:0 1.83 0.08 1.00
16:0 0.72 0.01 21.49
18:1 2.68 0.04 63.88
18:2 1.83 0.71 11.86
18:3 0.00 0.00 0.87

Percentage

0.00
0.01
0.02

0.65
0.12
0.53
0.08

lipid contentb 54.54 0.58 58.62 0.53

a Number of carbon atoms: number of double bonds.

b Extracted lipid mass/total wet mass.

Energy content of fatty acids increases with chain length

and declines with unsaturation, and 18-chain fatty a

ids provide relatively great energy content per unit ma

(Blem 1990). The composition of dietary fats is on

factor that affects the fatty acid composition of depo

fats (Bower and Helms 1968; Blem 1976, 1990; Yom
Tov and Tietz 1978; West and Peyton 1980; but se
Robel and Klopfenstein 1985). Postbreeding Wo
Thrushes increase fat reserves (Johnson et al. 199
and change their diet (Martin et al. 1951), possib

increasing the amount of high-fat foods, prior to m

gration. Carbon 18:1 is a relatively high-energy fat wit

a low melting point (Blem 1990) and common in spic

bush (Table 2).
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Wood Thrushes switch to a diet dominatedBLEM,
by plants
C. R. 1976. Patterns of lipid storage and utilization in birds. Amer. Zool. 16:671-681.
in autumn, when spicebush berries become a common
item in their diet (Martin et al. 1951, C. Conway,
BLEM, pers.
C. R. 1980. The energetics of migration, p.
observ.), presumably to store fat in preparation
for In S. A. Gauthreaux, Jr. [ed.], Animal
175-224.
migration. Indeed, migratory birds, which need to
store
migration,
orientation, and navigation. Academic
Press,
London.
large amounts of fat, store more carbon 18:1 fatty
acid
compared to non-migrants (Blem 1976), andBLEM,
we found
C. R. 1990. Avian energy storage, p. 59-113.
many spicebush berries and berry skins in theIncrops
D. M. Power [ed.], Current ornithology, vol. 7.
and feces of our autumn-migrating birds. AccumulaPlenum Press, New York.
tion of easily mobilized, long-chain, low melting
point,
BOWER,
E. B., AND C. W. HELMS. 1968. Seasonal
unsaturated fatty acids may be adaptive forvariation
Wood in fatty acids of the slate-colored junco

Thrushes prior to a long distance migration (Junco
wherehyemalis). Physiol. Zool. 41:157-168.

availability and distribution of food resources
are un-R. D. 1980. Reproductive bioenergetics
DROBNEY,
of Wood Ducks. Auk 97:480-490.
predictable. The mean ratio of unsaturated: saturated
fatty acids in our autumn migrants was extremely
high M. E. 1985. Wintering strategies of feHEITMEYER,

(3.53); ratios of unsaturated: saturated fatty acids male
greater
Mallards related to dynamics of lowland

than 3.0 are rare (Walker 1964, Blem 1976). Additional
hardwood wetlands in the upper Mississippi delta.
information on the energy content of depot fat
and
Ph.D.diss.,
Univ. of Missouri, Columbia, MO.

food among migratory birds may help identify
essential
JOHNSON,
R. K., R. R. ROTH, AND J. T. PAUL, JR. 1990.

food sources for successful migration (Walker Mass
1964).
variation in breeding Wood Thrushes. Condorhigh
92:89-96.
We propose that abundance of local food sources
in carbon 18:1 fatty acid may affect regional
distri- D. W. 1970. Caloric density of avian adJOHNSTON,
bution and migratory survival of Wood Thrush
pop-tissue. Comp. Biochem. Physiol. 34:827ipose
832.
ulations and deserves further study. Future studies
should examine the lipid composition of other
foods
KATES,
M. 1986. Techniques of lipidology, 2nd ed.
available to birds preparing for migration. More
American
deElsevier, New York.
tailed analyses of the lipid composition and
KRAPU,
energy
G. L. 1981. The role of nutrient reserves in
content of foods available during autumn will facilitate
Mallard reproduction. Auk 98:29-38.
our understanding of the bioenergetics of migration
KREMENTz, D. G., J. E. HINES, P. O. CORR, AND R. B.
and the factors affecting migratory survival. This
in-1989. The relationship between body mass
OWEN.
formation should also help facilitate effective manageand annual survival in American Black Ducks.
Scand. 20:81-85.
ment and conservation of Neotropical migratory Ornis
birds.

LIMA,work
S. L. 1986. Predation risk and unpredictable
We thank R. F. Cheney for assistance with field

feeding
and C. A. Millard and M. C. Wallace for helping
pluckconditions: determinants of body mass in
birds.
Ecology 67:377-385.
birds. M. K. Ito and S.-I. Huang assisted with the
fat
MARSH,
R. L. 1981. Catabolic enzyme activity in
extractions and fatty acid profiles. T. E. Martin,
F. R.
relation
Moore, L. J. Petit, and D. G. Krementz provided
help- to premigratory fattening and muscle hypertrophy in the Gray Catbird (Dumetella caroful comments that improved the manuscript. Funding
linensis).
was provided by the Faculty Assistance Grant
Fund J. Comp. Physiol. B141:417-423.
of the University of Rhode Island (URI) Foundation,
MARTIN, A. C., H. S. ZIM, AND A. L. NELSON. 1951.
the URI College of Resource Development, and
American
URI wildlife and plants: a guide to wildlife
Department of Natural Resources Science. Wefood
es- habits. Dover Publications, Inc. New York.
NATIONAL
OCEANIC AND ATMOSPHERIC ADMINISTRApecially thank E. F. Patric and W. R. Wright
for as-

sistance with funding. Permission to collectTION.
Wood1988. Fatty acid composition, p. 6-11. In
F. M. VanDolah and S. B. Galloway [eds.], Bio-

Thrush was obtained in U.S. Fish and Wildlife Service
Permit #PRT-770007 and URI Institutional Animal
Care and Use Committee Protocol #A91-92-026. Con-

medical test materials program: analytical meth-

ods for the quality assurance of fish oil. U.S. Dept.

tribution #2962 of the College of Resource Develop- of Commerce, Charleston, SC.
ment, University of Rhode Island with support from
PYLE, P., S.N.G. HOWELL, R. P. YUNICK, AND D. F.
the Rhode Island Agricultural Experiment Station.
DESANTE. 1987. Identification guide to North
American passerines. Slate Creek Press, Bolinas,
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INTERSPECIFIC BROOD PARASITISM OF

MONTEZUMA OROPENDOLAS BY GIANT COWBIRDS:
PARASITISM OR MUTUALISM?T

MICHAEL S. WEBSTER2

Section of Neurobiology and Behavior, Cornell University, Seeley Mudd Hall, Ithaca, NY 14853
1979). This result contrasts sharply with studies of many
Key words: Montezuma Oropendola; Psarocolius;

other brood parasite-host relationships, where hosts
Giant Cowbird; Scaphidura; brood parasitism; mutuactively defend their nests against brood parasites (e.g.,
alism; colonial nesting.

Davies and Brooke 1988, Rothstein 1990), and para-

sites have evolved many behavioral and developmenObligate interspecific brood parasitism has evolved in-

tal tactics to circumvent the defenses of their hosts (e.g.,

dependently in several avian families (Hamilton and
Davies and Brooke 1988, Briskie and Sealy 1990, Braa
Orians 1965, Payne 1977). Such parasitism generally
et al. 1992, Scott et al. 1992).

has a marked negative effect on host fitness (e.g., Post
To determine the factors that allow the interde-

and Wiley 1976, Davies and Brooke 1988, Power et

pendence described by Smith (1968, 1979) to arise, it
al. 1989, Scott et al. 1992), and the brood parasite and
is first necessary to determine the distribution of the
host are usually viewed as being engaged in a coevophenomenon. Giant Cowbirds parasitize several spelutionary "arms race" (Davies and Brooke 1988, Rothcies of oropendolas and caciques (Orians 1985), many
stein 1990, Braa et al. 1992). However, Smith (1968,
of which have a nesting biology similar to that of the
1979) described a remarkable and complex interdehosts studied by Smith (see Chapman 1929, Skutch
pendence between the parasitic Giant Cowbird (Sca1954,the
Schaifer 1957, Tashian 1957, Drury 1962, Fraga
phidura oryzivora) and two of its hosts in Panama,
1989, Webster 1994). If several of these host populaChestnut-headed Oropendola (Psarocolius wagleri) and
tions benefit from and allow cowbirds to lay eggs in
Yellow-rumped Cacique (Cacicus cela). In this system,
their nest, then ecological factors common among them
the hosts could apparently benefit from cowbird "parmust favor the evolution of this interdependence. Alasitism" in some situations.
ternatively,
giant cowbirds may be parasites to most
Smith found that ectoparasitic botflies (Philornis
spp.)
hosts, such that some feature of the populations Smith

were a major source of mortality for oropendola and
studied makes the complex mutualism unique to Pancacique nestlings. Cowbird nestlings removed botfly
ama. These possibilities can be distinguished by delarvae from their nestmates, such that nests with cowtermining whether other hosts allow Giant Cowbirds
birds fledged more host young than nests without cowto enter their colonies, or whether they actively defend
birds. Indeed, in colonies without any other defense
themselves against cowbird parasitism. Only one pubagainst botfly parasitism (i.e., colonies without hylished study has directly attempted to answer this ques-

menoptera nests), oropendolas and caciques allowed

tionthe
(Robinson 1988).
cowbirds to enter their nests and did not remove
In this note, I examine the possibility that a similar
eggs of cowbirds that were discovered (Smith
1968,
mutualism exists between Giant Cowbirds and one of
their primary hosts in Costa Rica, the Montezuma Or-

opendola (Psarocolius montezuma). To do so, I deter' Received 20 October 1993. Accepted 7 March 1994. mined whether Montezuma Oropendolas actively de2 Present address: Department of Ecology and Evo- fend themselves against Giant Cowbirds and, if so,
lution, University of Chicago, 1101 E. 57th Street, Chi- whether cowbirds show behaviors that might circumvent this defense. Because it was difficult to examine
cago, IL 60637.
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